Abstract: An OWC Wave Pump (OWCP) for seawater desalination is under development at University of Southampton. The paper presents experimental results for work carried out on an array of OCWPs at a scale of 1:40. The interaction between singles components of the array is determined in order to assess the layout which gives the maximum power output from an array of 3 OWCPs. The results provide a benchmark for comparison against the data available in literature obtained from BEM simulation. Results show that amplification of the wave signal up to 4.8 times can be achieved within the array. Increasing the distance between devices by two times the width of the chamber resulted in a reduction of the magnification factor up to 30%.
Introduction
Recent progresses made on the development of Wave Energy Converters (WECs) have encouraged researchers to evaluate the deployment of arrays of WECs in order to maximize the power-output. Whereas it would seem straightforward that the output obtained from an array of WECs is higher than the power generated by multiple items working separately, the interferences between devices and waves could have a negative effect reducing the overall power output. The effects generated by the geometrical disposition of the device are measured by the q factor, as presented by Babarit in [1] . q represents the ratio between the power output P a generated by N devices deployed in array configuration, against the power of N devices working autonomously P s , e.g without interaction. 
When q≥1 positive effects are obtained by the array disposition of multiple WECs. One of the determining factors in the evaluation of q is the separation distance, d s , which indicates the space between two devices in the array. The practical role of d s is to influence the interaction between the radiated waves generated by the oscillation of each single device.
The determination of q, thus far, has been predominantly conducted using numerical phase resolving Models. Mathematical models are used to simulate the wave-device dynamics and to assess the performances of the array. They allow for a faster evaluation of the problem, but present limitations due to the formulation of the problem. Linearization of the equations involved, and assessment of infinitely long arrays being the main case. Alexandre et al [2] investigated the changes in the performances of point absorbers WEC disposed in array by assessing changes in the wave field due to the radiation of each components. Falcao presented the case of power extraction by a periodic linear array OWC (Oscillating Water Column) [3] . Other examples of mathematical model for the evaluation of WECs working in array can be found in [4] [5] [6] . The use of physical tests to evaluate the performances of arrays is, however, limited mostly due scaling problems and to the availability of appropriate facilities.
Current research at University of Southampton is focusing on the development of an Oscillating Water Column Wave Pump (OWCP) for water delivery. The device is designed to operate in arrays in order to maximize water delivery and increase the frequency response spectrum. This paper presents the results obtained from physical model tests carried on array of 3 OWCPs.
The OWCP and Array Configuration
The OWCP is a resonant type WEC, based on the more common Oscillating Water Column (OWC). The OWCP is designed to exploits the resonant conditions obtained during the oscillatory motion of the water contained in the chamber to deliver water to a fixed height. The OWCP can be considered as an overtopping type of WEC; however it differs from the standard overtopping devices such as the Wave Dragon [7] or the Composite Sea Wall [8] , since they exploit the run-up of the water over an inclined ramp to deliver water to a reservoir.
The device is composed of two-part duct; with a horizontal underwater section (input duct), and an inclined pumping section extending above Mean Water Level (MWL) ( Figure 1 ). The OWCP acts as a resonator with natural period of oscillation equal to T N . To maximize performances the device has to be tuned with the incoming wave period T W . It is possible to implement resonance control by varying the angle α of inclination of the output duct, e.g. changing the mass of water contained within the OWCP. In order to maximize the delivery of water, the deployment of arrays of multiple OWCPs has been considered. Arrays of 3 OWCPs are considered in this paper. In particular, a close investigation focuses on the deployment of 3 differently tuned OWCPs devices in order to maximize performances and broaden the array response under different wave conditions. The concept of using differently tuned devices is justified by the need to provide a simple resonance control system for the array, and to phase out the destructive radiation waves generated by the downward motion of the column of water exiting the device. Initial results on the response of an array of multiple OWCPs have shown that the deployment of multiple devices broadens the frequency response of the array [9] . The role of the separation distance over the performance is therefore assessed.
Methodology
Experimental tests were carried in order to assess the performance of the different configuration of the arrays. The tests were carried in a 4m long, 1.7 m wide and 0.4m deep wave basin. Froude scale was employed with a scale factor Λ=40. Linear waves were generated by a piston type wave maker, with the wave heights ranging between H = 1 -4.5 cm and period T W between 0.8 and 2 s. The water depth in the basin was kept at 14 cm, with submersion depth s d of 7 cm. 7 models of the OWCP were built out of transparent acrylic (3 mm thick). Their characteristics are presented in Table 1 . The configurations of the array tested are presented in Table 2 , along with the separation distances between the devices. The arrays are located in the centre of the wave basin, with an absorbing beach installed on the back to reduce the reflection of waves from the walls (Figure 2 ). Resistance type wave gauges are employed to monitor the wave conditions. Wave Gauges are also installed within each device in the array to determine the lift of water (Figure 3 ). The performances of the array and of each device are assessed with the magnification factor, M, given by equation (2) .
Where y p represents the lift of water within each OWCP. By using M to assess the performances of the arrays, the case of no Power Take Off (PTO) installed is evaluated. The power output, P out , of each device can be estimated in relation with to M or y p , once the delivery height z r is defined, as shown in equation (3) . This relates to the crest Power determined by Margheritini et al. [10] for the assessment of the efficiency of the SSG wave energy device. 
Where A represents the cross-sectional area of the OWCP duct. For the study presented in this paper the value of Q can be estimated over a wave cycle. For irregular waves, the average Q has to be determined. It has to be noted that both Q and A are both frequency dependent, therefore maximum values of P out can only be achieved close to resonance conditions.
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Results
The response of each component of the arrays is assessed, and the values of M for different wave conditions is then determined. These are compared in order to determine the effects of the separation distance on the single and overall performance. Figure 6 and Figure 7 show the effect of  D / N and of the wave steepness on M, it can be noticed that the area of response of the devices broadens with minimum separating distance. In Figure 6 , where results for a Square Array are presented, one can notice that both devices present a similar response, however the central device presents a broader amplification area compared to the OWCPS3 located on the side. In Figure 7 , it is possible to notice how the bandwidth response reduces for both the OWCP30 and OCWP25 with increasing d s . Furthermore, a steady decrease of M can be noticed in both devices, indicating negative interaction between 
Conclusions
In this paper physical experiments on arrays of onshore OWCP devices have been presented. The main aim was to investigate the role of the separating distances between devices, and how it affected the overall performance of the device and the one of the array. Array installations for WECs have been considered in order to amplify the power output of a single device.
In this paper arrays of similarly tuned devices, as well as differently tuned devices have been investigated. From experimental testing it has been highlighted that when the devices are operating with a minimum separating distance, better performances. In particular, the device located in the centre is positively affected in all the cases investigated. This is believed to be due to the different phase responses by the water column exiting the device in the downward motion. In the downward motion the mass of water generates a radiated wave that contrasts the incoming wave train interfering with the energy conversion process in the OWCP. When the devices in the array are phased out, the radiation is minimized and higher M can be achieved. The same can be assumed for 15-30 mm d s , when the devices are separated the radiated waves affects the operation of the nearer devices. The work here presented shows that it is possible to increase the bandwidth response of multiple devices by arranging them in array configurations. The overall performances, however, are dependent on the separation distance between the devices and their natural period of oscillation. It has been shown that by reducing to a minimum the distance between the devices, maximum performances can be achieved.
